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High velocity trauma has caused increased number of cases with open fractures and their treatment and complications has increased drastically.[@ref1] Open fracture[@ref2] itself is one of the most common cause for segmental loss of bone.[@ref3] Treatment of bone gap due to infected nonunion and open fracture is very interesting and controversial topic in orthopedics due to factors such as poor vascularity of surrounding tissue, deformity of joints, limb length discrepency and scarring of skin due to previous surgeries. There are many modes of treatment advocated by different authors from time to time such as bone grafting, vascularized bone grafting, and bone transport by illizarov and monolateral fixator.[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12] For treating bone gap when Ilizarov ring fixator is used, it achieves union, eradicates infection, corrects deformities, reestablishes limb length and at the same time maintains function. The successful results achieved by Ilizarov ring fixator bears a testimony to the success of this system. But due to many complications such as persistent pain, deformity of joints and discomfort caused by Ilizarov ring fixator, inspired the development of rail fixator. This study was performed to assess the role of bone transport by rail fixator (PITKAR, INDIA) in treatment of bone gap in long bones due to open fracture and infected nonunion.
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For 20 cases (17 male and 3 females with mean age of 30.5 years (range 16-45 years) of infected gap nonunion of long bones with bone loss due to open fracture and chronic osteomyelitis were included in study \[[Table 1](#T1){ref-type="table"}\]. In 19 cases, rail fixator was applied on tibia. There was only a single case of 1 month old open fracture humerus with accompanying brachial plexus injury of the same side, which was referred to our center with redness and raised local temperature. On debridement necrosed piece of bone removed and rail fixator applied \[Figure [1A](#F1){ref-type="fig"} and [B](#F2){ref-type="fig"}\]. The gap nonunion was due to bone loss in open fractures (*n* = 10) and infected nonunion (*n* = 10) \[Figure [2A](#F3){ref-type="fig"} and [B](#F4){ref-type="fig"}\]. Six cases had active sinuses with raised C-reactive protein. All patients in present study had previous operative procedures performed on them. Twelve patients had an average of two procedures and remaining 8 had three procedures. The average bone gap in this series was 7.72 cm (range 3-15 cm). This bone gap was either created at the time of injury or after thorough debridement following compound fracture or sequestrectomy. This study plan was approved by our institutional review board. Informed written consent was taken from all patients. The preoperative medical evaluation of all patients was done. The culture and sensitivity of discharge was sent preoperatively. The neurovascular status of limb was assessed preoperatively. All patients were treated with debridement and application of rail fixator in the same sitting. According to site of defect, appropriate corticotomy was done after settlement of wound to decrease the chance of infection at corticotomy site and it was done at second stage in all cases. Corticotomy was done at single level. Joint motion was started as early as possible after the operation Transport was commenced after 5-7 days of corticotomy. Rate of transport was 1.00 mm/day in 4 divided increments. At the conclusion of transport, the defect was closed by removing soft-tissue at docking site and giving compression between the bone ends in all cases. Partial weight bearing was strated at conclusion of transport. Consolidation of docking site was monitored by serial anteroposterior and lateral X-rays. Bone grafting was done in five cases when it was found callus formation was not adequate at docking site. Full weight bearing was advised when three distinct and complete cortices of regenerate were evident on serial X-ray.

###### 

Details of patient

![](IJOrtho-48-612-g001)

![X-ray right arm with shoulder joint anteroposterior view showing (a) preoperative gap nonunion (b) immediate postoperative after removing dead piece of bone with final gap created](IJOrtho-48-612-g002){#F1}

![X-ray right arm anteroposterior view showing (a) corticotomy and distraction, (b) regenerate consolidation and docking](IJOrtho-48-612-g003){#F2}

![X-ray of leg bones with ankle joint showing (a) Tibia with infected implant *in situ* (b) Tibia postoperative with rail fixator and corticotomy (c) Tibia showing regenerate consolidation and docking](IJOrtho-48-612-g004){#F3}

![Clinical photographs showing (a) Rail fixator with full weight bearing (b) range of motion at knee and ankle with rail fixator](IJOrtho-48-612-g005){#F4}
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Average duration of rail fixator application was 9 months (range 6-14 months). Partial weight bearing on operated limb was started as soon the distraction complete and full weight bearing was done after complete union. Bone grafting (cortical) was done in five cases when it was found callus formation was not adequate at docking site Pin loosening was the only complication in three cases. We removed loosened pin in one case as it was not compromising with stability of fixator. In other two pins were inserted again. Loss of range of motion in nearby joint was more in patients with pins close to joint surface, but returned to normal in 80% of cases. Average follow up period was 12 months (range 12-14 months). The result was excellent to good in 85% cases as per ASAMI score \[Table [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].
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ASAMI score
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###### 

Results according to ASAMI score
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Ilizarov since 1951 has studied the effect of fracture stabilization and subsequent reconstruction of injured limb by using ring fixator,[@ref5] a circular device that is fixed to the limb with combination of wires and half pins. He studied the effects of gradual stretching of tissue by distraction and its effect on stimulation of tissue growth and regeneration. Based on this basic principle, he developed the concept of Distraction Histogenesis.[@ref6]

For last so many years Ilizarov ring fixator is being used in patients with bone loss and infected nonunion to help achieving union, correction of deformities, reestablishment of limb length and at the same time maintaining limb function.[@ref7] The successful results achieved by Ilizarov ring fixator bear a testimony to the success of this system. However, due to certain complications[@ref8] such as heavy apparatus, persistent pain, deformity of joints and discomfort caused by Ilizarov ring fixator inspired the development of monolateral frame devices. Rail Fixator[@ref9][@ref10] is one such device. The rail fixator is relatively simple to apply and patient compliance is very good when compared with Ilizarov fixator.

The Rail Fixation System is designed primarily for bone transport for reconstructing bone loss following open fracture and sequestrectomy following osteomyelitis. This system provides correction in these situations through the techniques of bone transport, compression-distraction and bifocal lengthening. Majority of patients in our study were in the age group of 16-45 year, as they have more active lifestyle and outdoor activities, hence more prone to injuries. The age group matches as in other series. Most commonly involved bone was tibia, as it is more prone to injury due to its subcutaneous location. There was only one case of humerus. Most of series mentioned in literature about distraction histogenesis are on tibia.[@ref4][@ref8][@ref11][@ref13] Loss of range of motion was more in cases where pins were close to joint surface and bone gap was more than 10 cm. But range of motion returned to normal in most of cases after proper physiotherapy.[@ref12][@ref14] One of the patients with bone gap more than 15 cm had tendo achillis tightening. He was advices TA lengthening but refused. Pin loosening was the only complication seen in three cases due to pin track infection necessities removal of infected pin. After removal of pin, it was found that the other two pins were giving sufficient stability so we did not reinsert pin. Pin loosening mainly occurred in patients with scarred skin which was used as insertion site. Despite many obastcles, rail fixator provided a reliable method to treat bone gap and achieve union. But filling of bone gap and union does not guarantee good functional result. The functional result is affected by condition of the nerve, muscles, vessels, joints, and lesser degree to bone. Functional results of the limb were assessed at end of completion of procedure using ASAMI score[@ref14] \[[Table 2](#T2){ref-type="table"}\]. We were able to achieve 85% excellent to good result. One patient with humerus fracture had associated brachial plexus injury of same side which did not recovered until last followup; hence, his limb function could not be included in the present study. Our result was comparable to studies quoted in literature for bone transport using rail[@ref10][@ref11] and Ilizarov circular ring fixator.[@ref15][@ref16][@ref17][@ref18]
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In cases with bone loss due to open fracture and infected nonunion, rail fixator is a good option to achieve union and to restore limb length and function. Rail fixator was well-tolerated by all patients proving it to be a good alternative to ilizarov. However, patient education for compliance is must before deciding to go ahead with this procedure, as it may take several months to achieve the desired results.
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